Abstract Deteriorating environments in shallow waters place significant pressure on aquatic plants. To estimate the morphological and genetic diversity of submerged macrophytes at 5 sites characterized by varying degrees of human impact, Myriophyllum spicatum L. was studied. Sediment nitrogen concentrations were found to be significantly correlated with the morphological properties of M. spicatum: the site with high sediment nitrogen concentration had 5 to 10 times larger, but rather uniform (low morphological variability) plants, while the site with the least nitrogen in the sediment had smaller M. spicatum plants that were 4 times more variable than the larger plants. Nevertheless, genetic variability of the studied plants showed no response to nutrient loading in the shallow lakes. The adverse environmental conditions therefore seem not to have affected the genetic material of the sampled plants, thus the large morphological variability observed in association with the nitrogen poor sites was predominantly a result of plastic reactions of M. spicatum to environmental conditions.
Introduction
The ever growing human population places increasing demands on natural resources, resulting in their decline or deterioration (MEA 2005) . Water is overused for different purposes, causing degradation of freshwater habitats over long time scales, while quantity of freshwater habitats is decreasing. This shift of environmental conditions affect species, changing the structure and function of ecosystems (Collins et al. 2007 ). The responses of aquatic organisms to long-term environmental changes depend on the adaptive capacity of the given species (Laakso et al. 2006 ), but little is known about this genetic background.
Evolution requires a certain level of genetic diversity, thus estimation of the genetic diversity of species affected by longterm environmental changes (or pressure change in the sense of Collins et al. 2007 ) is vital (Frankham 1998) . Genetic variability is not just an estimate of diversity, but also an evaluation of processes within non-equilibrium populations (Frankham 1996; Hein et al. 2004; Hajibabaei et al. 2007 ), a prerequisite for better adaptation, persistence of the given populations, and resistance of the given ecosystem to disturbances (Santamaría 2002; Reed and Frankham 2003; Hughes and Stachowicz 2004) .
Nutrient loading is one of the most important disturbances affecting freshwaters and wetlands all over the world. The indirect (interaction with phytoplankton and periphyton) effect of nutrient loading on macrophytes is well-discussed (Scheffer et al. 1993; Tóth 2013) , although significant knowledge is obtained about the direct effect of nutrients on macrophytes (Cronin and Lodge 2003; Tóth and Vári 2013) . The indirect effects of competitive interactions between algae and aquatic plants play out through allelopathic effects (Jasser 1995; Nakai et al. 2005) , attenuation of the incident light (Jeppesen et al. 1998; Tóth 2013 ) and competition for nutrients (van Donk et al. 1993; Scheffer and Nes 2007) .
Phenotypic plasticity of plants is a well discussed aspect of ecology (Santamaría 2002; Valladares et al. 2007 ), but little is known about its adaptive role. On the one hand, it is assumed that phenotypic reactions shield the genotype from the effects of selection, thus slowing down evolution (Schlichting 2004; Pigliucci et al. 2006; Ghalambor et al. 2007 ). On the other hand, there are suggestions that with time these nonheritable variations of plants become independent of the environmental stimuli that produced the trait, and thus plasticity may facilitate the adaptive evolution of the given population (Robinson and Dukas 1999; Pigliucci and Murren 2003; Schlichting 2004) , resulting in speciation.
To examine how the degradation of freshwater environments affects macrophytes, five shallow water bodies influenced by different levels of human impact were chosen: two of the sites were considered to be severely impacted, two sites were moderately impacted and one shallow water body/wetland was subject to low human impact (nature protection area). Myriophyllum spicatum L. (Eurasian watermilfoil) was the subject of the study due to its high morphological plasticity. The aim of this study was to determine the effects of nutrient loading on the morphological and genetic diversity of M. spicatum and the possible connection between these two types of diversity. It was expected that nutrient loading will decrease the morphological and genetic variability in the studied M. spicatum plants.
Methods

Study Sites
Five shallow water bodies subjected to varying degrees of human impact were chosen. Two oxbow lakes from the southern part of the Hungarian Danube (Tolnai Oxbow and FaddDombori Oxbow), two oxbow lakes from the northern Danube region (Püspökerdei Oxbow and Lipóti OxbowLake) and the westernmost, Keszthely basin of Lake Balaton were chosen (Fig. 1) . Two of these oxbow lakes (Tolnai and Püspökerdei Oxbows) were considered to be severely impacted, thus abbreviating them Hi1 and Hi2, respectively. Meanwhile Keszthely basin of Lake Balaton and FaddDombori Oxbow were moderately affected (abbreviation: Mod1 and Mod2, respectively) and Lipóti Oxbow-Lake was a nature protection area with low human impact (abbreviation: Low) (Fig. 1) .
Four of the chosen oxbows were associated with the Danube, therefore despite the great distance (190 km in a straight line or 300 km along the Danube), at least a theoretical genetic relationship could be considered. Lake Balaton is not in the same watershed system as the Danube, and thus a direct genetic connection is not likely.
Tolnai, Püspökerdei and Fadd-Dombori Oxbows (Hi1, Hi2, and Mod2, Fig. 1 , Table 1 ) are used by local authorities, communities for the purposes of water management, public and economic use (Pálfai 2001) . The most common use of Fig. 1 Map of Hungary with the shallow lakes of the study showing the high (Hi1 and Hi2), moderate (Mod1 and Mod2) and low (Low) human impact sites, respectively these oxbows is angling, but they differ significantly in the intensity of this usage. Otherwise, Fadd-Dombori Oxbow (Mod2) is regularly used for recreational and professional water sports, while Tolnai, Püspökerdei and Fadd-Dombori Oxbows (Hi1, Hi2, and Mod2) are also used as reservoirs of excess surface water. The beds of these oxbows are silted to varying degrees, the shorelines and their vegetation are degraded due to heavy use (Pálfai 2001) . The water budget of these oxbows is mainly influenced by water level changes of the Danube. Between 2010 and 2013 the water level fluctuation in this oxbows was negligible. The oxbows receive high loads of nutrients from diffuse sources along the shoreline (mostly agricultural areas) and point sources from the surrounding settlements (Pálfai 2001) .
Lipóti Oxbow-Lake (Low, Fig. 1 , Table 1 ) has important aquatic biotopes, playing an important role in nature protection, with rare species of flora and fauna. Due to its highly natural conditions, it represents the sanctuary-type wetland/water body in our study. Low is supplied with water from the Danube via a water supply system controlled by a sluice-gate.
Keszthely basin of Lake Balaton (Mod1) is the westernmost basin of Lake Balaton (Figs. 1 and 2, Table 1 ). Zala River is the most significant influence on this basin as its largest tributary and nutrient source. The prevailing northwest winds induce closed, circular currents within the basin with significant water residence time.
Test sites were visited on a monthly basis between April and October of 2011. During each sampling date water, and plant samples were collected, in situ biodiversity estimations were performed.
Water and Sediment Analysis
Whole water column samples were taken with a 1.5 m long sampling tube. The nutrient concentrations, chlorophyll-a and total suspended matter of water samples were measured on the day of sampling. Sediment samples were collected once per year. For sediment sampling, plastic tubes with a 5 cm internal diameter were used. The upper 15 cm layer of the sediment core was mixed, centrifuged, and the nutrient concentrations were determined from the supernatant.
Total suspended matter concentrations were determined by weight, following the drying of filtered samples of known volume on pre-dried and weighed GF/C filters (1.2 μm). Nitrogen forms (ammonium, nitrate and urea) were determined following methods of Mackereth et al. (Mackereth et al. 1978) , Elliott & Porter (Elliott and Porter 1971) and Newell et al. (Newell et al. 1967) , respectively. The total soluble phosphorus was determined by the modified method of Gales et al. (Gales et al. 1966 ). Chl-a concentrations were measured according to Iwamura et al. (Iwamura et al. 1970) .
Biodiversity Analysis
Five quadrats, 100 m apart were placed at the maximum colonization depth of submerged macrophyte, i.e. ., Hi1-1.2 m, Mod2-0.7 m, Hi2-0.4 m, Low -0.8 m, Mod1-1.2 m. The size Table 1 Code, territory, geographical position, age and select physical dimensions of the studied shallow waters (Pálfai 2001) and average seasonal (May-October) total soluble nitrogen (TSN), total soluble phosphorus (TSP) of the sediment, chlorophyll-a (chl-a), total suspended matter (TSM), total soluble nitrogen and total soluble phosphorus concentrations of the water in the studied shallow lakes (average ± SE, n = 4-10) 28 ± 4 17 ± 7 4 ± 1 32 ± 3 9 ± 2 Water TSN (μg l
26 ± 6 14 ± 1 68 ± 6 187 ± 19 18 ± 6 Water TSP (μg l
16.8 ± 2.1 40.1 ± 2.6 13.4 ± 2.3 1.1 ± 0.3 0.8 ± 0.2 of the quadrats ranged between 1 × 1 m to 5 × 5 m, depending on the typical macrophyte density and structure of the study sites. Within the quadrats, all species of submerged and emergent macrovegetation were noted and the individuals were counted. Species and total vegetation cover (percentage) were also estimated, using the 5-level estimator scale of Kohler (Kohler 1978) .
Morphological Analysis
From the selected quadrats, 4 to 10 undamaged, mature M. spicatum plants were collected, minimizing root loss. The weight of the stem, leaves and roots was determined after 72 h of drying at 60°C. From leaf, stem and root biomasses, shoot/root ratio, leaf mass ratio (LMR), stem mass ratio (SMR) an root mass ratio (RMR) were calculated. For each specific morphological trait (weight of stems, weight of leaves and weight of roots), variability was calculated for each site as follows (Tóth and Vári 2013 ):
where x max and x min are the maximum and minimum values of the given morphological trait within the given population, respectively. It is a dimensionless quantity and indicates the variability of the given morphological trait (stems, leaves and roots) or given population (cite specific average of the 3 morphological variabilities, thus n = 3): the smaller the number, the more uniform the given trait.
To compare morphological properties between sites, we normalised the available data according to the following formula:
where x is the measured morphological trait, while x max and x min are the maximum and minimum values of the given morphological trait within the given population, respectively.
Fig. 2
Map of sampling points for genetics of Myriophyllum spicatum in Lake Balaton with sampling points at Keszthely basin Lake Balaton (Mod1), and at northern and southern shore of Lake Balaton 
Genetic Analysis
From each quadrat, a M. spicatum shoot was collected (five from each study site). Besides the five study sites listed above, 20 additional samples were collected for genetic analyses from the northern and southern shorelines of Lake Balaton (Fig. 2) . These additional samples were not used in correlating morphological and genetic variability, and were solely used to assess the genetic diversity within Lake Balaton. The sampling points along the northern shoreline (labelled Bnorthern shore^) were at least 2 km apart, and the westernmost sample was more than 8 km from the easternmost sample of the Mod1 Fig. 4 Seasonal changes in chlorophyll-a and total suspended matter (TSM) concentrations of the water of the studied sites. Low -Lipóti Oxbow-Lake, Hi2 -Püspökerdei Oxbow , Mod2 -Fadd-Dombori Oxbow, Hi1 -Tolnai Oxbow, Mod1 -Keszthely basin Lake Balaton Fig. 3 Discriminant analysis of the studied shallow water bodies. Axis1 explains 94.9%, axis2 explains 3.1% of variations. LowLipóti Oxbow-Lake, Hi2 -Püspökerdei Oxbow , Mod2 -Fadd-Dombori Oxbow, Hi1 -Tolnai Oxbow, Mod1 -Keszthely basin Lake Balaton sampling site (Fig. 2) . The samples from the southern shore were collected from the easternmost basin of Lake Balaton and were labelled as Bsouthern shore^ (Fig. 2) . The apical meristems and terminal leaflets were excised from each individual plant and stored at −80°C after shockfreezing. For genomic DNA isolation, 50 mg of frozen tissue was homogenised in liquid nitrogen and processed according method provided with the QuickGene DNA tissue kit (Kurabo, Japan), with modifications: the tissue homogenization was performed in 275 μl extraction buffer (2% CTAB, 0.1 M TRIS (pH 8), 20 mM EDTA, 1.4 M NaCl and 0.5% β-merkaptoetanol). The mixture was vortexed and incubated at 60°C for 1 h, later centrifuged at 15000 rpm for 5 min. The aqueous phase was then mixed with the lysis buffer of the kit and the standard protocol was subsequently followed. The quality and the quantity of the genomic DNA samples were checked with agarose-gel electrophoresis.
In preliminary studies, a total of 60 10-mer commercially available oligonucleotide primers were screened from the RAPD primer series (Operon Technologies, USA), and 10 of them were selected for further use based on the quality and consistently reproducible fragment patterns of their RAPD reactions. Primers used in the experiments are summarised in Table 2 .
The PCR reactions with these primers were performed using standard procedures (Williams et al. 1990 ). The reaction mixture consisted of 5 pmol 10-mer primer, 1 U Taq polymerase enzyme, 2.4 mM MgCl 2 , 200 mM of each dNTP and 25 ng total DNA of the individuals in 1 × Taqpolymerase buffer, in a final volume of 25 μl. The RAPD PCR reactions were carried out after an initial denaturation step (2 min at 94°C) in 40 cycles with the following steps: 15 s at 94°C; 1 min at 37°C and 1 min at 72°C; and finished with a 4 min 72°C step in a PTC-100 thermocycler (MJ Research, Canada). Amplified products were separated on 2.0% agarose gel and photographed after staining with ethidium bromide by using Kodak MI v5.0 (USA). The RAPD fragments were carefully visually evaluated. Reproducible RAPD fragments were scored for their presence (1) or absence (0) in each analysed sample. These scores were organized in table generating a binary matrix for statistical analysis.
Statistical Analysis
Pearson's product moment correlations of M. spicatum morphological, morphological variability, biodiversity and genetic similarity parameters and nutrient descriptors of the sites were calculated. Morphological and biodiversity data were graphed and statistically analysed using SigmaPlot 12.5. Environmental conditions were evaluated with discriminant analysis, genetic distances were calculated (Nei 1972) and cluster analysis of genetic data of populations was performed using PAST (Hammer et al. 2001) .
Results
Study Sites
Low, Mod2 and Mod1 face relatively similar environmental conditions (excluding the short increase in total suspended matter) (Fig. 3) and are characterized by relatively clear water (10, 21 and 21 μg l −1 chl-a and 4, 9 and 28 mg l −1 total suspended matter, respectively, Fig. 4 and Table 1 ), while Hi2 and Hi1 showed a significantly higher level of degradation (43 and 136 μg l −1 chl-a, respectively; Fig. 4 and Table 1 ). Fig. 5 The cover of Myriophyllum spicatum at the studied shallow lake sites throughout vegetated period (average of 2010-2012). The dotted line represents the triennial average. Low -Lipóti Oxbow-Lake, Hi2 -Püspökerdei Oxbow , Mod2 -Fadd-Dombori Oxbow, Hi1 -Tolnai Oxbow, Mod1 -Keszthely basin Lake Balaton
The nutrient richness of the sediment showed a slightly different picture: Hi2 was the most nutrient rich (mostly due to its high total phosphorus concentration), while Low and Mod2 were the least rich sites (Table 1) .
Biodiversity Analysis
By optical properties these waters bodies could be divided into lakes with stable macrophyte cover (Low, Mod2 and Mod1) and one with macrophyte and algae dominated periods (Hi1 and Hi2, Fig. 5 ). The separation into clear (macrophytedominated) and turbulent (algae-dominated) periods at the severely impacted sites was more salient in Hi1, where, in June, M. spicatum cover decrease from 50% to 5%. In contrast, in Hi2, this transition was more gradual (Fig. 5) ) and was characterized by a relatively high number of species (11) ( ) measured phytomass. The studied trophic parameters showed no significant statistical correlations with the biodiversity parameters (Table 4) .
Morphological Analysis
Since two of the sites displayed seasonal variability, the morphological properties of M. spicatum at their respective biomass peaks were compared. The plants from Hi1 sampled in late May and those from Hi2 sampled in midJune were compared with plants collected at the end of July from the other sites.
M. spicatum demonstrated wide morphological variability in weight: ranging from~6.7 g at Hi2 to plants in Mod1 that were 5 times heavier (Table 5 ). The total soluble nitrogen concentration of the sediment had a significant and strong The mass of each species was estimated using the 5-level estimator scale of Kohler (1978) : from 5 as the dominant contributor to quadrat biomass to 1 as a very rare species correlation with stem and leaf weight, resulting in a significant increase of the above sediment biomass of Myriophyllum plants in the nutrient rich sites, thus the calculated biomass partitioning parameters (stem-root ratio, leaf mass ratio, stem mass ratio, root mass ratio) changed significantly, too (Tables 4 and 5 ).
The most morphologically variable population of M. spicatum was found in Hi2, while the most uniform plants were found in Mod1 (Table 5 ). The variability of morphological parameters correlated strongly with the total soluble nitrogen concentration of the sediment (R = −0.97, P < 0.001) (Tables 4 and 5 ). Thus, nitrogen enriched sediment is associated with greater size and uniformity of M. spicatum (r = −0.97, P = 0.005; Fig. 6a ).
Genetic Analysis
RAPD analysis of the selected M. spicatum samples generated a total of 206 amplified fragments, of which 165 were polymorphic (80% polymorphism). Statistical analysis of these The table shows the Pearson product moment correlation coefficients and the significance (R P ). Significance of the test: *** is P < 0.001, * is P < 0.05, ns is not significant Table 5 Stem, leaf and root biomass (g), stem and leaf biomass standardised to water depth (g m ), shoot to root ratio, leaf mass ratio (LMR), stem mass ratio (SMR), root mass ratio (RMR), the variability of morphological parameters [(max − min)/min], coefficient of variation (cv) and the genetic similarity of the Myriophyllum spicatum plants from the study sites
Stem (g) 16.3 ± 3.6 0.8 ± 0.2 3.4 ± 0.9 10.9 ± 0.8 2.4 ± 2.0 Root (g) 2.8 ± 0.5 4.4 ± 1.1 2.1 ± 0.4 1.9 ± 0.1 6.3 ± 1.2 Leaves (g) 14.7 ± 1.5 0.7 ± 0.3 3.1 ± 1.4 9.8 ± 1.6 2.2 ± 1.2
) 14.1 ± 3.6 2.2 ± 0.2 4.3 ± 0.9 9.1 ± 0.8 3.7 ± 2.0
) 12.8 ± 1.5 1.9 ± 0.3 3.9 ± 1.4 8.2 ± 1. Each morphological parameter reported represent the average ± SD of all (n = 5) collected at the maximum biomass availability at the study sites. The variability data are the average ± SD (n = 3) RAPD markers successfully separated the collected M. spicatum samples along their geographical origins (Fig. 7) . A high degree of similarity was found between the Danube populations of Myriophyllum: the genetic distance between the southern and northern Danube oxbows was only slightly larger than the genetic distance measured between the Mod1 samples and those from the rest of the northern shore of Lake Balaton, while the distance between the southern and northern shore populations of Lake Balaton was even larger (Fig. 7) . The genetic similarity within each population was high (Tables 5 and 6 ), but no correlation was found with the studied chemical parameters of the shallow lakes (Table 4) .
Discussion
Our results provide further evidence that submerged rooted macrophytes (like M. spicatum) are selectively influenced by sediment nutrient availability, while water nutrients had insignificant effects on plant morphology. This is consistent with previous laboratory and in situ findings (Vári et al. 2010; Xie and Yu 2011; Cao et al. 2012; Tóth and Vári 2013; Xie et al. 2013) , although our results showed the exclusive effect of the sediment nitrogen concentration on plant biomass production of M. spicatum in the studied shallow oxbows. A separate study has also demonstrated significant decreases in morphological variability with increased sediment nitrogen concentration, for Potamogeton perfoliatus, along the nutrient gradient in Lake Balaton (Tóth and Vári 2013) , though ecological and evolutional role of the decrease in morphological variability is not fully understood. Morphological variability of plants is a result of the interaction between both intrinsic (genetic code, developmental patterns, sectoriality) and extrinsic, environmental factors (Wells and Pigliucci 2000; Orians and Jones 2001; de Kroon et al. 2005; Tóth and Vári 2013) and its evolutionary significance is still under debate (Robinson and Dukas 1999; Pigliucci and Murren 2003; Schlichting 2004; Pigliucci et al. 2006; Ghalambor et al. 2007 ). We think the decrease in the morphological variability of M. spicatum is a response to nitrogen enrichment, i.e. a metabolic shift toward a non-conservative, uneconomical resource use strategy, and could be the first step of the ecotype-like specialisation of plants to a given environment (Sultan 2000; de Jong 2005; Funk et al. 2007) .
Plants depend mainly on light availability and are in constant competition for this resource (Weisner et al. 1997; Jones et al. 2002; Bécares et al. 2008) . The reduction of available light could have resulted in a decrease in biomass of the submerged macrophytes. However, our results did not reveal any correlation between biomass and the optical properties of water (chl-a concentration, total suspended matter). As a result of different degrees of human impact at the study sites, the biodiversity did not change, contrary to previous results (Jeppesen et al. 2000; Blindow et al. 2002) . However, the extensive growth of phytoplankton at the expense of other autotrophs at the severely impacted Hi1 and Hi2 sites, resulted in the temporal retreat of macrophytes and a transition from clear (Bmacrophyte dominated^) to turbulent (Balgal dominated^) aquatic systems as previously described on several occasions (Scheffer et al. 1993; Scheffer and Nes 2007) . Large (Hi1) and moderate (Hi2) differences in macrophyte biomass between the clear and turbulent states was recorded, with macrophyte production peaking at the end of May. The latter increase of phytoplankton attenuated the incident light making conditions unfavourable for macrophytes, as in other cases (Scheffer and Nes 2007; Bécares et al. 2008; Tóth 2013) . At the mesotrophic study sites, where nutrient loading did not reach the algae bloom threshold (Mod1, Mod2, and Low), the algal production did not affect the growth of macrophytes, which peaked in biomass at the end of July.
The species richness of macrophytes in the studied shallow water bodies was analogous to the species richness reported from habitats from both the Pannonian ecoregion and other water bodies of Europe (Vestergaard and Sand-Jensen 2000; Sipos et al. 2003 ). These water bodies of different sizes are capable of providing an acceptable environment and offer adequate space for the established macrophyte communities. In our study, it was shown that nutrient enrichment of the waterbodies did not correlate with the average species diversity of macrophyte communities. Nevertheless, the biodiversity of macrophytes could also be influenced by other important factors, like alkalinity, hydrological regimes, land use and human influences (Vestergaard and Sand-Jensen 2000) .
Genetic analysis of M. spicatum samples showed large differences between the populations and large similarities within the populations: a phenomenon typical for aquatic macrophytes and explained by the ease of plant dispersal and the dominant clonal reproduction (Barrett et al. 1993; Santamaría 2002) . Our results clearly showed a geographical separation, i.e. the populations from the northern (Low and Hi2) and southern (Hi2 and Mod2) Danube oxbows were grouped correctly into one group, while the samples from Lake Balaton (southern shore, northern shore and Mod1) were grouped into another. The genetic heterogeneity of M. spicatum from Lake Balaton was high despite its ease of fragmentation and colonisation (Vári 2013) . Nevertheless, the genetic variability on northern shoreline of Lake Balaton, where the distance between the two extreme sampling sites was 68 km was higher than the difference between the southern and northern Danube populations (~190 air km, or 300 km along the Danube), while the population from the southern shore of Lake Balaton (occasionally 7 km from the samples of northern shore) was genetically even further. We think that environmental fragmentation of habitats of the Lake Balaton could result in the appearance of ecotypes (or micropopulations) of M. spicatum, and may be contributing to its rather high genetic heterogeneity.
In conclusion, this investigation indicates that increases in nutrient availability, specifically the accumulation of nitrogen in the sediments, promotes macrophyte growth and results a uniformization of plant morphology. The observed morphological heterogeneity was a plastic response of M. spicatum to the specific environmental conditions of the studied shallow lakes and not a result of the genetic variability within the studied populations. The generally used water management Fig. 7 A simplified, site specific dendrogram of Myriophyllum spicatum populations based on the analysis of 206 RAPD markers using the simple matching coefficient and UPGMA clustering. Low -Lipóti Oxbow-Lake, Hi2 -Püspökerdei Oxbow , Mod2 -Fadd-Dombori Oxbow, Hi1 -Tolnai Oxbow, Mod1 -Keszthely basin Lake Balaton, and at the southern and northern shore of Lake Balaton Püspökerdei Oxbow (Hi2) 7 6 1 9 2 5 7
Lipóti Oxbow-Lake (Low) 8 2 2 1 2 5 , 6 8 Tolnai Oxbow (Hi1) 8 1 2 4 2 9 , 6 3 1 1
Fadd-Dombori Oxbow (Mod2) 7 9 2 1 2 6 , 5 8 6
∑ is the number of RAPD markers detected in the population, NPA is the Number of Polimorphic Alleles, PPA% is the Percent of Polimorhic Alleles and NUA is the Number of the Unique Alleles in the population programs that limit algal production in lakes via phosphorus reduction, could result in excessive macrophyte growth and should be reviewed from the macrophyte and nitrogen aspect.
